Propellant volumetric measurement based on the tank cavity resonant dynamics may be a promising alternate for satellite to improve its performance. The tank could be modeled as 'Helmholtz resonator', and volume of the cavity can be calculated from the resonant frequency according to the theoretical formula. Unlike the traditional Helmholtz resonation modelling, where cavity is taken as an ideal acoustic component, this paper gives mathematical modelling based on one-dimensional plane wave approximation, with compressibility of liquid being concerned. Comparisons with simulated and experimental results validate the present model. Good consistency could be found between theoretical and numerical results. Meanwhile, they are slightly larger than the experimental results. Results prove that present model can accurately predict the resonance resonant frequency of the tank, which may be used in the propellant volumetric measurement.
rigid wall. However, compressibility of the propellant may also affect the cavity resonance and will result in performance reduction of volumetric measurement. This paper therefore theoretically models the resonator based on a one-dimensional wave approximation, with compressible liquid being concerned. Theoretical formula is given by solving the corresponding determinant problem of the coefficient matrix. Results of present model are compared with the numerical simulations and experimental data. The structure of this paper is as follows. Section 2 gives a basic model under the assumption that the propellant is compressible. Section 3 compares theoretical predictions with numerical simulation, experimental results. Section 4 concludes the work presented in this paper.
Theoretical Modeling
Geometry of tank is shown in Figure 1 , with the neck and cavity is modeled as cylinder. The tank consists of three main parts, namely the opening neck, the gas segment and the propellant segment, meanwhile the inlet of neck opens to external atmosphere. The cross-sectional area of neck and cavity are 0 S , 1 S respectively, with corresponding length being 0 L , 2 L . Length of gas segment is 1 L . There is assumption that the wavelength of acoustic is far larger than diameter of cavity so that wave propagates only along axial direction. Another important hypothesis is linearization. Any quantity F in this paper is decomposed as F F F  , where F is the base part and F  is the fluctuating part. Effects of viscous dissipation and thermal conduction are neglected, meanwhile gas is assumed as ideal. Then we have the model based on one-dimensional plane wave approximation as shown in Figure 2 . Subscripts like '0', '1', '2', 'n' are used to represent variables in the neck, gas, propellant and arbitrary segment. The base part in the tank is stationary, then we reach the following constraints for the base flow
, v represent density, pressure, temperature and velocity respectively. The acoustic disturbance could be considered as superposition of waves propagating upstream (denoted by '-') and downstream (denoted by '+'). As the plane wave is considered, the perturbations in time domain(denoted by superscript '  ' ) could be expressed by perturbations in frequency domains(denoted by superscript ' ^' )
(2) Disturbances of the acoustic velocity could get according to the pressure
Combing Eq. (2) with (3), the disturbances of the acoustic pressure and velocity could be expressed by pressure perturbations downstream and upstream
At the zero location 0 x  , there is a sudden change of cross section with area ratio ( 10 / CC ). Noting that the Mach number is zero, and there is no heat input to system, the velocity jump relation in terms of volumetric flow rate could be expressed as [7, 8] 
Then we have the following expression
There is same relation like Eq. (6) at liquid-gas boundary 1 xL  , with cross section is unity 
Combining Eqs. (7), (10) 
Simulation and Validation
The validity of proposed model is demenstrated by comparing resonant frequency of theoretical calculation with numerical simulations and experimental results by Webster [2] . Corresponding experimental configurations are shown in Figure 1 with the neck's length and diameter being 170mm and 44mm respectively. The length and diameter of the cylindrical cavity are 190mm and 141.8mm . Water is used to represent propellant. The gas and liquid density are Numerical simulations are implemented by COMSOL. In the numerical simulations, the configurations keep consistent with experimental rig. To consider the end correction, we impose a large sphere around the model, with the diameter being extremely larger than that of the neck, to represent the external environment. Pulse vibration is used to excite the resonance frequency of the system to mimic the flow-excited noise generations [9] . Two fixed point is chosen, with one as acoustic source meanwhile another point is used for recording the pressure perturbation. The spectrum peak is obviously the resonate frequency of resonator. Figure 3a shows results of theoretical calculation, numerical simulation and experiment under different volume of liquid. Physically speaking, the volume of the gas segment decreases with the increase of the water filling level, which leads to enlarge of corresponding resonant frequency. 
Conclusions
This paper theoretically models Helmholtz resonator based on the one-dimensional plane wave approximation, with compressibility of liquid being considered. Predicted resonant frequency by the present model is compared with numerical simulation and experimental results. Good consistency can be found among the present model and numerical simulation, while the experimental results seem a little lower than the theoretical and numerical predictions. Results prove that one-dimensional model can accurately predict the resonance resonant frequency of the tank, which may be used in the propellant volumetric measurement.
